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5 (54) Title: DIAGNOSTIC METHOD FOR BACTERIAL VAGINOSIS BASED ON DETECTING ANTIBODIES AGAINST GVH 
^ TOXIN OF GARDNERELLA VAGINALIS 

m 

q (57) Abstract: The current invention relates to a method for the determination of the risk of pathologies in a population of women 
>j colonized by the Gardnerella vaginalis bacterium, comprising the following steps in order: a) determination of the IgA and/or IgG 
^ and/or IgM antibody levels against Gvh toxin secreted by G. vaginalis in a asample of body fluid; b) comparison os said levels of 

IgA and/or IgM with predetermiante levels of IgA and/or IgG and/or igM, respectively; C) determiination of the risk factor. Said 
Q method resulted particularly efficient in permitting to obtain an accurate and reliable evaluation of the risk of pathologies related to 

the colonization by the bacterium G. vaginalis in women. Consequently, this method gives the physician an effective tool to decide 
^ whether or not to administer a pharmacological therapy. 
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DIAGNOSTIC METHOD FOR BACTERIAL VAGINOSIS BASED ON DETECTING ANTIBODIES 
AGAINST GVH TOXIN OF GARDNERELLA VAGINALIS 



The current invention relates to a method for the evaluation of the risk of 
pathologies related with the colonization of women by the bacterium Gardnerella 
vaginalis. 

In particular, this invention relates to a method for the qualitative and 
quantitative determination of the risk of pathologies of women colonized by the 
bacterium G vaginalis such as, for example, low birth weight (LBW), preterm 
delivery (PTD), preterm rupture of membranes, intraamniotic infections, spontaneous 
abortion, endometritis, post-partum or post-gynecologic surgery infections, upper 
genital tract infections (PID) causing infertility, cervicitis, susceptibility to sexually 
transmitted diseases as viral infections from papillomavirus (HPV) and human 
immunodeficiency virus (HIV). 

This invention is based on a method comprising the isolation of the hemolytic 
toxin Gvh produced by G. vaginalis in a culture medium and its use for the 
determination of the presence of the corresponding antibodies in a body fluid. 

Low birth weight (LBW), primarily due to preterm birth (PTD), is the main 
risk factor for neonatal morbidity, mortality and long term infant neurological 
disorders. 

Most cases of low birth weight have no recognized causal factors, making 
current prevention strategies ineffective. However, several investigations have shown 
that bacterial vaginosis (BV) is associated with preterm delivery (PTD), with an 
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increased relative risk from 1.4 to 6.9 fold in respect to absence of BV, preterm 
delivery of low-weight infants, early and late miscarriage, and in general with 
maternal complications. 

Moreover, recently it has been demonstrated that bacterial vaginosis is 
5 associated with increased risk of sexual acquisition of the viral infection by HIV and 
of vertical mother-to-child HIV transmission. Bacterial vaginosis prevalence is about 
10% in non-pregnant women and about 15% in pregnant women in Western Europe, 
from 10 to 30% in US pregnant women, over 30% in colored African origin women, 
over 60% in women attending sexually transmitted disease clinics. Anyway, it is to 

10 be noted that only a small percentage of women with BV have adverse pregnancy 
outcomes or acquire HIV infection, among subjects at elevated risk of viral HIV 
exposure, so there is the requirement to have selective markers to individuate patients 
at elevated risk and that need to be therapeutically treated. 

Bacterial vaginosis is caused by different bacterial species comprising G. 

15 vaginalis, Bacteroides spp., Prevotella spp. and Mobiluncus spp., Ureaplasma 
urealyticum and Mycoplasma hominis. The pathogenesis of bacterial vaginosis is still 
obscure and not always the presence of such pathologic condition is easily 
diagnosticable. In particular, it is not known what triggers the shift from the normal 
lactobacilli colonization to the altered vaginal flora, nor which degree of the vaginal 

20 microbial flora alteration is indicative of a real pathologic condition. 

A crucial issue in bacterial vaginosis is the synergy between G. vaginalis and 
anaerobic bacteria. 

G. vaginalis is found in high titers in over the 95% of bacterial vaginosis 
cases, whereas low G. vaginalis colonization titers are found also in women without 
25 bacterial vaginosis. 
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However, a strict correlation between G. vaginalis colonization and the 
condition of bacterial vaginosis has been demonstrated. 

The only fully characterized virulence factor released by G. vaginalis is a p- 
hemolytic toxin (Gvh) having a molecular weight of about 59,000 Dal ton. 
5 It has been shown that about half of the non-pregnant women develop an 

immune response against Gvh eliciting IgA antibodies at the level of the vaginal 
mucosa. The absence of anti-Gvh IgA antibodies in non-pregnant women with BV is 
mainly due to the inactivation of IgA and this phenomenon is related to the presence 
of high levels of vaginal sialidase activity. Such inactivation derives from a structural 
10 impairment of IgA likely due to the hydrolytic action of an array of factors released 
by anaerobic bacteria. 

Presently, it is not known which factors of the antimicrobial host defense are 
compromised or which microbial virulence factors) elicits the IgA cleavage in a 
subgroup of women with bacterial vaginosis. 
15 It is not yet established if this condition is associated with increased risk of 

BV complications. 

Such an uncertain definition makes clinicians to face the problem whether or 
not administrate a pharmacological therapy to women with bacterial vaginosis. It is 
well known that two different drugs are used to treat bacterial vaginosis; 

20 metronidazole and clindamycin. Both these drugs show a main withdraw consisting 
in relevant adverse side effects, in particular metronidazole can give gastrointestinal 
symptoms, and is considered as a teratogen agent, so it is not recommended during 
pregnancy, on the other hand clindamycin can cause diarrhea and 
pseudomembranous colitis which may be lethal. Moreover both such antibiotics can 

25 cause yeast vaginitis. 
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For the above described reasons, it is highly desirable the development of a 
method to determine the risk of pathologic complications in women colonized by the 
G vaginalis bacterium, as, for example, low birth weight or preterm birth, 
spontaneous abortion, endometritis, acquisition of HIV infection, of HPV infection 
5 (which causes cervical intraepithelial neoplasia), upper genital tract infections (PID), 
post-partum and post-gynecologic surgery infections. 

The present invention provides a reliable method to solve the problem of the 
risk determination of the above-described complications in ,a way to furnish the 
physician a valuable tool to decide whether or not give a pharmacological therapy. 
10 Such a problem is solved by a method for determination of risk of pathologies 

as expressed in the main enclosed claim. 

Further features and advantages of the present invention method will be 
highlighted by the subsequent description of preferred embodiments, given at 
indicative and not limitative title. 
15 For the setting up of the method of the current invention clinical cases have 

been studied and compared with controls. 

In particular, 1 16 women who had low birth weight babies (LBW), 86 women 
who had a preterm delivery (PTD), and 417 women who had normal birth weight 
babies at term of gestation (NTD) were examined. 
20 The presence of G vaginalis and the levels of anti-Gvh IgA were evaluated in 

the vaginal fluids of all these women. 

In particular, the vaginal fluid samples were obtained from women in the first 
or in the second trimester of gestational age, preferably in the period ranging from the 
7 to the 24 full weeks' gestation. 
25 These groups of women have been further subdivided on the basis of the 
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presence, in the vaginal fluids samples, of G. vaginalis alone, G. vaginalis and a pH 
value equal or higher than 4.7, G. vaginalis and the pathologic condition bacterial 
vaginosis (BV), G. vaginalis in association with anaerobic bacteria, G. vaginalis in 
association with the "Bacteroides group", and G. vaginalis in association with 
5 anaerobic bacteria different from Bacteroides that we called "not specific". 

In the current description with the term "Bacteroides group" we indicate a 
subgroup of anaerobic bacteria comprising the isolates of Bacteroides spp., 
Prevotella spp., Porphyromonas spp. and strains of Bacteroides fragilis group. With 
the term "not specific" anaerobic bacteria we instead call a subgroup of anaerobic 
10 bacteria comprising all other anaerobes as, for example, species of Bifidobacterium, 
Peptostreptococcus, Propionibacterium t Clostridium and Veillonella. 

In the following Table 1 , the association between anti-Gvh IgA response and 
low birth weight (LBW) or preterm birth (PTD) is shown. 
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TABLE 1 



Positive %, OR 



5 



Vaginal colonization 


NTD 


LBW 








and anti-Gvh IgA response 


n=417 


n=116 


n=86 




G. vaginalis 


36.2 


42.2 


1.3 


36.0 


1.0 


no or low anti-Gvh IgA 


29.5 


39.6 


1.6 


33.7 


1.2 


high anti-Gvh IgA 


6.7 


2.6 


0.4 


2.3 


0.3 


G. vaginalis and pH £ 4.7 


21.8 


31.9 


1.6 


24.4 


1.2 


no or low anti-Gvh IgA 


18.2 


31.0 


1.8 


24.4 


1.4 


high anti-Gvh IgA 


3.6 


0.9 


0.3 


0.0 




G vaginalis and BV 


12.9 


20.7 


1.7 


10.5 


0.8 


no or low anti-Gvh IgA 


11.0 


20.7 


2.1 


10.5 


1.0 


high anti-Gvh IgA 


1.9 


0.0 




0.0 




G. vaginalis and anaerobes 


9.8 


19.0 


2.1 


11.6 


1.2 


no or low anti-Gvh IgA 


7.4 


19.0 


2.9 


11.6 


1.7 


high anti-Gvh IgA 


2.4 


0.0 




0.0 




G vaginalis and Bacteroides group 


5.0 


6.9 


1.4 


4.7 


0.9 


no or low anti-Gvh IgA 


3.6 


6.9 


2.0 


4.7 


1.3 


high anti-Gvh IgA 


1.4 


0.0 




0.0 




G. vaginalis and not-spec. anaerobes 


5.0 


15.5 


3.5 


8.1 


1.7 


no or low anti-Gvh IgA 


3.8 


15.5 


4.4 


8.1 


2.2 


high anti-Gvh IgA 


1.2 


0.0 




0.0 





In the above shown Table 1, the figures in regular font indicate the 
35 percentages of women of each of the previous defined groups. Moreover, for each 
said group the percentages of women with no or low levels of IgA, and high levels of 
IgA against the toxin Gvh are reported. 

In bold font, instead, it is reported the ratio (odds ratio, OR) between the 
percentage of women who had LBW or PTD and the percentage of NTD women. 
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This value was calculated and corrected with a standard factor by means of the SPSS 
computer statistical program. 

From the analysis of the clinical data reported in Table 1 it is possible to 
relate the relative risk of LBW or PTD with the level of IgA, and, in a further step, 
5 with the bacterial flora present in the body fluid of the patient. 

As a matter of fact, the relative risk of low birth weight (LBW) or of preterm 
birth (PTD) is evaluated by the OR ratio. 

If this ratio is lower than 1 it means that the woman has no or low risk of 
complications. A ratio ranging from 1 to 2 is associated with a medium risk of 
10 complications. If this ratio is comprised between 2 and 4 it means that the woman has 
a high risk of complications. If this ratio is higher than 4 it means that the woman has 
a very high risk of low birth weight or preterm birth. 

In particular, and for example, a medium risk corresponding to an OR value 
equal 2 means that the patient has a twofold risk of complications compared to a 
15 normal woman, that is, in other words, a 100% higher. 

Preferably, this result can be point out with a score: — meaning a low or no 
risk, + meaning a medium risk, ++ meaning a high risk, and +++ meaning a very high 
risk. 

The above shown Table 1 highlights that the risk of low birth weight or 
20 preterm birth, independently from the presence of other bacteria different from G. 
vaginalis and independently from the presence of the BV pathologic condition, is 
essentially absent or very low for women having high levels of anti-Gvh IgA in the 
vaginal fluid sample. 

As a consequence the presence of high levels of anti-Gvh IgA is an indication 
25 of a protective effect against these risks. This permits to isolate patients with altered 
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bacterial flora that do not need a therapeutic treatment. Such a finding is of major 
. relevance in the case of pregnant women and in patients allergic to antibiotics. 

On the basis of these studies and these results, a method to determine the 
pathologic risk of women colonized by the G. vaginalis bacterium has been set up. 
5 In agreement with the current invention, the method for the determination of 

the risk of pathologies of women colonized by the G. vaginalis bacterium (and/or 
with bacterial vaginosis, BV) comprises the following steps in the order: 

a) determination of levels of IgA and/or IgG and/or IgM antibodies against 
the Gvh toxin produced by G vaginalis in a body fluid sample; 
10 b) comparison of such levels of IgA and/or IgG and/or IgM with 

predetermined levels of IgA and/or IgG and/or IgM, respectively; 
c) determination of the risk factor. 

This method comprises a first step of evaluation of biochemical data and a 
second step of comparison of such data. The first step consists in the determination 
15 of the levels of antibodies against the hemolytic toxin Gvh produced by the 
bacterium G. vaginalis and secreted at the level of the vaginal mucosa. 

The determination of the levels of anti-Gvh IgA is performed by any suitable 
immune enzymatic assay as, for example, ELISA, RIA, Western-blot analysis, dot 
blot, spot test, dipstick, immunicard, Quick Card. 
20 Preferably, in the realization of the current invention an ELISA test was used, 

as described in Cauci et al., Am J Obstet Gynecol 1996; 175: 1601-5. 

This test consists, in general, in the wells' incubation with a prefixed quantity 
of purified toxin dissolved in a suitable buffer at room temperature. Wells are then 
properly washed and re-incubated with a substance able to block the free binding 
25 sites left after the coating with the toxin. Later on, a fixed volume of a properly 
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processed sample of vaginal fluid is added and incubated at 37°C. Wells are then 
washed again and incubated with suitable anti-human IgA antibodies. Finally, the 
quantitative determination is obtained by the measurement of a color development. 
Results are reported as milli-optical density units (mOD). 
5 The color development was obtained by means of the para- 

nitrophenylphosphate substrate that releases para-nitrophenol after the hydrolysis 
done by the alkaline phosphatase conjugated to the anti-human IgA antibody. 

The second step comprises the determination of the value to take into account 
to evaluate the risk. 

10 In particular, it has been determined a cutoff value of 390 mOD units from 

the mean value plus one standard deviation calculated in a healthy reference control 
group of women population. Below this cutoff it is assumed that no specific immune 
response anti-Gvh IgA has been raised, whereas values over or equal 390 mOD and 
below 780 mOD (twofold the first cutoff) are considered as a low immune response. 

15 Finally, values over or equal 780 mOD are considered as a high immune response. 

So it is evident that if a vaginal fluid sample shows IgA levels over 780 mOD 
it means that the risk of pregnancy complications is low or absent regardless, as 
previously illustrated, from the presence of determined bacteria or of the pathologic 
condition bacterial vaginosis. 

20 Alternatively, it is possible to use other substrates to determine the cutoff 

value as, for example, 2-nitrophenylphosphate, or the combination BCIP/NBT (5- 
bromo-4-chloro-3-indolylphosphate / nitro blue tetrazolium) which develops a 
blue/violet hydrolysis product, or 4-methylumbelliferyl phosphate which gives a blue 
fluorescent hydrolysis product. 

25 Moreover, alternatively, the enzyme conjugated to the anti-human Ig antibody 
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can be different from the alkaline phosphatase, as for example peroxidase or beta- 
galactosidase and the enzymatic activity would be evaluated with a suitable substrate. 

Finally, the anti-human Ig antibody could be conjugated with biotin which 
could be detected by avidin conjugated to alkaline phosphatase or peroxidase or beta- 
5 galactosidase. 

In all these alternative procedures the cutoff will be evaluated by calculation 
of the mean value plus a standard deviation obtained in a healthy control population, 
the value defining a high antibody response will be a value twofold the first cutoff 

From all what described till now, it is evident that the method of this 
10 invention allows to determine in a qualitative manner the risk of pathologies from the 
identification of low or no levels of anti-Gvh IgA. 

Profitably, furthermore, the method of this invention permits to have a 
quantitative determination of such risk. This determination relies on a precise risk 
evaluation taking into account the samples in which low or no anti-Gvh IgA levels 
15 have been found. 

According to the current invention, the method can comprise a step of pH 
determination in the vaginal fluid. pH is calculated by means of well known methods 
as, for example, pH meter or pH revealing paper strip with a turning range between 4 
and 7. 

20 The method of this invention can so include after the phase b), the sample pH 

determination and the subsequent comparison of the obtained value with a prefixed 
pH. 

As it is shown in Table 1, the OR value for a pH value equal or over 4.7 and 
low anti-Gvh IgA levels is included in the range from 1 to 2, both for LBW and PTD. 
25 As a consequence, when the IgA levels are below 780 mOD and the pH value 



10 



WO 02/065130 



PCT/IT01/00068 



in the vaginal fluid samples is equal or over 4.7, according the method of this 
invention, the evaluated risk is medium for PTD and for LBW. 

According to a further embodiment of the invention, the method can be 
performed using vaginal fluid samples of women with diagnosis of bacterial 
5 vaginosis (BV). 

As shown in Table 1, the OR value, still corresponding to the absence or low 
levels of anti-Gvh IgA, is in the range from 2 to 4 (2.1) for LBW, and in the range 
from 1 to 2 (1.0) for PTD. 

It results that the method of the invention can comprise after the step b), the 
1 0 determination of samples from women with B V. 

Consequently, according to the method of this invention if the vaginal fluid 
sample derives from women having BV and if low or no IgA levels have been found, 
it turns out that the risk of complications is medium for PTD and high for LBW. 

According to a further embodiment of the current invention, the method can 
15 comprise a step of bacterial flora determination in the vaginal fluid samples of 
pregnant women by means of microbiological culture performed using routine 
methods well known in the field. 

The evaluation of risk is performed thorough the presence of anaerobic 
bacteria in general, or, more in detail, of the Bacteroides group or the not specific 
20 anaerobic bacteria group. 

The different groups of bacteria are isolated with well-known procedures 
(Thorsen et al., Am J Obstet Gynecol 1998; 178: 580-7 - Lautrop et al., FADL's 
forlag, Copenhagen, Denmark, 1979). 

In particular, strains of anaerobic bacteria are identified and isolated, and then 
25 they are clustered in the Bacteroides group and in the group of not specific anaerobic 
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bacteria, as above described. 

As shown in Table 1, considering vaginal fluid samples having low or no 
levels of anti-Gvh IgA and retrieved from women colonized by anaerobic bacteria, or 
by the Bacteroides group bacteria, the OR for preterm birth (PTD) is in the range 
5 between 1 and 2 (1.7 and 1.3, respectively), whereas the OR value for low birth 
weight (LBW) is in the range from 2 to 4 (2.0 and 2.9, respectively). 

On the other hand, if in the vaginal fluid samples not specific anaerobic 
bacteria have -been found,- the OR for low birth weight (LBW) is over 4 (4.4), 
whereas the OR value for preterm birth (PTD) is in the range from 2 to 4 (2.2). 
10 The method by the terms of this invention can so include after the phase b), 

the bacterial flora determination in said sample. 

From what just described it comes out that: 

- if anaerobic bacteria or Bacteroides group bacteria have been identified in 
the analyzed sample the risk for LBW is high, whereas the risk for PTD is 

15 medium; 

- if not specific anaerobic bacteria have been identified in the analyzed 
sample the risk for LBW is very high, whereas the risk for PTD is high; 

So it can be noted that in each of the considered case the evaluation of the anti-Gvh 
IgA response permits to do a more precise evaluation of risk as it allows to 
20 individuate women at very high risk and women not at risk very carefully. 

According to a further embodiment of the invention, the method provides a 
further step consisting in the sialidase and prolidase activity determination in these 
samples. 

Sialidases are enzymes produced by bacteria and are involved in the pathogenesis of 
25 several diseases. These enzymes provoke the hydrolysis of sialic acid from various 
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proteins including IgA, altering the immune response. 

Prolidases are proteolytic enzymes produced by bacteria to favor the cell 
infiltration. These enzymes are able to activate cytokines and other immune 
mediators. 

5 The sialidase activity was determined by incubation of 50 |il of the vaginal 

fluid sample with 50 p.1 of a substrate at pH 5.0, with a procedure described by Cauci 
et al., Am J Obstet Gynecol 1998; 178: 511-5. Specific activity was expressed as 
nanomoles of methoxyphenol produced from conversion of the substrate and 
calculated by comparison with a standard curve of pure methoxyphenol. The 

10 sialidase activity levels were defined as: no activity for values below 0.19 nmol of 
methoxyphenol, +1 cutoff for values equal or above 0.19 nmol of methoxyphenol; +2 
cutoff for values equal or above 0.38 nmol of methoxyphenol; +3 cutoff for values 
equal or above 2.50 nmol of methoxyphenol, and +4 cutoff for values equal or above 
5.0 nmol of methoxyphenol. 

15 Prolidase activity was determined as described by Cauci et al, J Infect Dis 

1998; 178:1698-706. The prolidase activity levels were defined as: no activity for 
values below 22 mOD, +1 cutoff for values equal or above 22 mOD; +2 cutoff for 
values equal or above 44 mOD; +3 cutoff for values equal or above 1000 mOD and 
+4 cutoff for values equal or above 2000 mOD. 

20 All the +1 cutoffs of enzymatic activity were based on the mean value plus 

one standard deviation measured in a healthy control population. The +2 cutoff was 
obtained by doubling the +1 cutoff. 

In particular, according to the method of the invention for the determination 
of the risk of pathologies in women colonized by G. vaginalis, the combination of the 

25 no or low anti-Gvh IgA response with high values of sialidase or prolidase activity 
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(+4) was associated with low birth weight or preterm birth in women with altered 
vaginal flora. 

These groups of women were divided for the presence of bacterial vaginosis 
or not specific anaerobic bacteria. 
5 The following Table 2 shows data analyzed as percentage of women which 

had low birth weight babies (LBW), preterm delivery (PTD) or normal term delivery 
(NTD), whereas data in bold show the ratio (OR) between per percentage of women 
with LBW, PTD and the percentage of NTD women, respectively. 

This value was calculated and corrected by a standard factor by the SPSS 
1 0 computer statistic program. 

The OR ratio, still in this picture, indicates the risk of LBW or PTD. 



TABLE 2 



15 




Positive % 


OR 








Vaginal colonization 


NTD 


LBW 




PTD 






Bacterial vaginosis (BV) 












20 


no or low anti-Gvh IgA 

sialidase 4+ 
prolidase 4+ 


7.7 
1.9 


16.7 
12.5 


2.4 

7.3 


20.0 
10.0 


3.0 

5.7 




pH > 4.7 












25 


no or low anti-Gvh IgA 

sialidase 4+ 
prolidase 4+ 


2.2 
2.2 


9.3 
9.3 


4.5 
4.5 


7.1 
7.1 


3.5 
3.5 


30 


G. vaginalis 

no or low anti-Gvh IgA 

sialidase 4+ 
prolidase 4+ 


3.3 
2.4 


8.7 
10.9 


2.8 
4.9 


6.7 
10.3 


2.2 
4.6 



35 



14 



WO 02/065130 



PCT/1T01/00068 



TABLE 2 (follow) 



Not specific anaerobic bacteria 



no or low anti-Gvh IgA 

sialidase 4+ 
prolidase 4+ 



0.0 
4.8 



22.2 TTT 28.6 ttt 
16.7 4.1 28.6 8.0 



10 



15 



20 



The same approach utilized for estimating the values in Table 1 can be 
employed for the values in Table 2. 

As a consequence, high levels of sialidase activity and low or no anti-Gvh 
IgA levels in vaginal fluid samples of women with bacterial vaginosis or in vaginal 
fluid samples in which G. vaginalis was found are indicative of a high risk of LBW, 
and PTD. Whereas, for the same levels of sialidase activity, in the vaginal fluid 
samples in which a pH value equal or higher than 4.7 was measured, the OR value 
for LBW is higher than 4 (4.5), and the OR value for PTD is comprised between 2 
and 4 (3.5), so the risk for LBW is very high and the risk for PTD is high. 

In Table 2 the arbitrary symbol CTTT) w as used in correspondence to the OR 
value associated with not specific anaerobes and no or low anti-Gvh IgA and very 
high sialidase activity, because the percentage of NTD women of this kind is zero 
and the ratio OR would come infinite. 

So it results that the finding of the association not specific anaerobes and no 
or low anti-Gvh IgA and very high sialidase activity, is a 100% specific test for LBW 
and PTD. 

No or low anti-Gvh IgA response and very high levels of prolidase activity in 
women with BV or colonized by G. vaginalis are associated with a very high risk for 
LBW and PTD. 

For women having a vaginal pH equal or above 4.7 and very high levels of 
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prolidase activity, the OR value for LBW is higher than 4 (4.5), whereas the OR 
value for PTD is in the range from 2 to 4 (3.5), so the risk for LBW is very high and 
the risk for PTD is high. 

Finally, the finding of not specific anaerobic bacteria and no or low levels of 
5 anti-Gvh IgA and very high levels of prolidase activity corresponds to a very high 
risk for LBW and PTD. 

In general, low anti-Gvh IgA levels combined with a very high prolidase 
activity are associated with very high risk values. 

Following these results, the method to determine the risk of complications 
10 additionally comprises after the step b) the determination of the sialidase and/or 
prolidase activity in the said sample. 

According to a further embodiment of the current invention, levels of IgG or 
IgM were analyzed in relation to LBW or PTD and the corresponding values are 
reported in the Tables from 3 to 6 described later on. 
15 The IgG values were calculated in the same way as were calculated the IgA 

values, the only difference is that an anti-human IgG antibody was employed to 
perform the ELIS A test. 

The cutoff value to define the absence of IgG antibody response was 370 
mOD (mean value plus one standard deviation evaluated in the healthy control 
20 population). A value comprised between 370 and 740 mOD indicates the raising of a 
low IgG antibody response. A value over 740 mOD (double of the first cutoff 
calculated from the mean value plus one standard deviation in the healthy control 
population) corresponds to a high IgG antibody response. 

It is to notice that the results are very similar to those obtained measuring IgA, 
25 so that the same evaluations and considerations previously reported can be done. 
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IgM values were calculated after a treatment of the sample before the ELISA 
test. By this treatment the IgG are eliminated from the sample by means of "goat anti- 
human absorbent" (ProSorb G), that is a resin coupled with anti-human IgG 
antibodies well known in the field. Then the sample is concentrated from 5 to 10 
5 folds with microcentrifuge filter units. This way to concentrate is performed by 
centrifogation employing a polysulfone membrane, which concentrates proteins with 
a molecular weight over 100,000 Dalton. 

- Finally, the ELISA test is performed as above described but using an anti- 
human IgM antibody. 

10 The cutoff value for the absence of IgM antibody response was 300 mOD 

(mean value plus one standard deviation calculated for the healthy control 
population). A value comprised from 300 mOD and 600 mOD means that a low IgM 
antibody response was raised. Finally, the value 600 mOD (twofold the mean value 
plus one standard deviation calculated for the healthy control population) defines a 

15 high IgM response. 

The evaluation of the method is parallel to the method used for IgA 
evaluation, so the following Tables will not be commented. 
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TABLE 3 









Positive % OR 






5 


Vaginal colonization 

and anti-Gvh IgG response 


NTD 
n=417 


LBW 
n=116 




PTD 

11=86 






G. vaginalis 


36.2 


42.2 


1.2 


36.0 


1.0 


10 


no or low anti-Gvh IgG 
high anti-Gvh IgG 


27.8 
8.4 


39.6 
2.6 


1.4 

0.3 


33.7 
2.3 


\2 
0.2 




G. vaginalis and pH £ 4.7 


22.8 


31.9 


1.4 


24.4 


1.2 




tin or low anti-Gvh IpG 
high anti-Gvh IgG 


19.0 
3.8 


31.0 
0.9 


1.7 
0.3 


23.2 
1.2 


13 
0.3 


15 


G. vaginalis and BV 


12.9 


20.7 


1.7 


10.5 


0.8 




nn nr I aw siriti-Cwvh IpG 

UU \tX IUTT Allll VJTIl IgVJ 

high anti-Gvh IgG 


10.8 
2.2 


20.7 
0.0 


1.9 


9.3 
1.2 


1.0 

0.6 


20 


G. vaginalis and anaerobes 


9.8 


19.0 


2.1 


11.6 


1.2 




no or low anti-Gvh IgG 
high anti-Gvh IgG 


7.2 
2.6 


19.0 
0.0 


2.7 


10.5 
1.2 


1.6 
0.5 




G. vaginalis and Bacteroides group 


5.0 


7.0 


1.4 


4.7 


0.9 


25 


no or low anti-Gvh IgG 
high anti-Gvh IgG 


3.6 
1.4 


7.0 
0.0 


2.0 


3.5 
1.2 


1.1 
0.9 




G. vaginalis and non-spec, anaerobes 


5.0 


15.5 


3.5 


8.1 


1.7 


30 


no or low anti-Gvh IgG 
high anti-Gvh IgG 


3.6 
1.4 


15.5 
0.0 


4.5 


8.1 
0.0 


2.2 
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TABLE 4 



Positive % OR 



5 





Vaginal colonization 


NTD 


LBW 




PTD 




10 


r><tClcrial YStgUIU&l!) yM-> V ) 














no or low anti-Gvh IgG 

SlallQaSc H ' 

prolidase 4+ 


7 7 

3.8 


\(\ 7 
1 u. / 

12.5 


4.0 


10.0 


2.7 


15 


pH>4.7 












20 


no or low anti-Gvh IgG 

sialidase 4+ 
prolidase 4+ 


3.3 
2.2 


9.3 
9.3 


2.9 
4.5 


7.1 
7.1 


2.3 
3.5 




G. vaginalis 












25 


no or low anti-Gvh IgG 

sialidase 4+ 
prolidase 4+ 


4.1 
3.3 


8.7 
13.0 


23 
4.0 


6.7 
10.3 


1.7 
3.3 


30 


Not-specific anaerobic bacteria 












35 


no or low anti-Gvh IgG 

sialidase 4+ 
prolidase 4+ 


0 
4.8 


27.8 
16.7 


TTT 

4.0 


28.6 
28.6 


TTT 
8.0 
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TABLE 5 









Positive % OR 




■ 


5 


Vaginal colonization 

and anti-Gvh IgM response 


NTD 
n=417 


LBW 
n=116 




PTD 

n=86 






\3* VuglnullS 








36 0 


1 0 


10 


no or low anti-Gvh IgM 
nign ann-Ovn Igivi 


31.2 


39.6 

9 A 
Z.O 


1.3 


33.7 

9 1 

Z.J 


1.1 




G. vaginalis and pH ^ 4.7 


91 R 
Z I .O 


in 9 




91 9 


1 1 

X • JL 




no or low anti-Gvh IgM 
nigh anti-Gvh IgM 


18.2 

3.0 


29.3 
\).y 


1.7 

ft 1 


23.2 

n n 
u.u 


1.3 


15 


G vaginalis and BV 


19 0 


9H 7 
ZU. / 






0 8 




no or low anti-Gvh IgM 
high anti-Gvn IgM 


11.3 

1 . / 


20.7 
U.U 


1.9 


10.5 

n n 
u.u 


1.0 


20 


G. vaginalis and anaerobes 




19.0 


2.1 


1 1 ft 


1 2 




no or low anti-Gvh IgM 
hiph anti-Gvh IpM 

AA A 1 & OllU T AM\ M.f^l*M. 


7.4 
2.4 


19.0 
0.0 


2.9 


11.6 
0.0 


1-7 




G. vaginalis and Bacteroides group 


5.0 


6.9 


1.4 


4.7 


0.9 


25 


no or low anti-Gvh IgM 
high anti-Gvh IgM 


3.6 
1.9 


6.9 
0.0 


2.0 


4.7 
0.0 


1.3 




G. vaginalis and non-spec, anaerobes 


5.0 


15.5 


3.5 


8.1 


1.7 


30 


no or low anti-Gvh IgM 
high anti-Gvh IgM 


4.6 
0.5 


15.5 
0.0 


3.7 


8.1 
0.0 


1.9 
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TABLE 6 



5 




% Positivi OR 










Vaginal colonization 


NTD 


LBW 




PTD 




10 


Bacterial vaginosis (BV) 














no or low anti-Gvh IgM 

sialidase 4+ 
prolidase 4+ 


7 7 

1.9 


\f\ 7 

12.5 


2.4 
73 


20.0 
10.0 


3.0 
5.7 


15 


pH>4.7 












20 


no or low anti-Gvh IgM 

sialidase 4+ 
prolidase 4+ 


3.3 
2.2 


9.3 
6.9 


2.9 
3.4 


7.1 
7.1 


23 
3.5 




(?. vaginalis 












25 


no or low anti-Gvh IgM 

sialidase 4+ 
prolidase 4+ 


3.3 
2.4 


8.7 
10.9 


2.8 
4.9 


10.3 
10.3 


3.3 
4.6 


30 


Not-specific anaerobic bacteria 












35 


no or low anti-Gvh IgM 

sialidase 4+ 
prolidase 4+ 


0.0 
4.8 


22.2 
16.7 


ttt 
4.0 


28.6 
28.6 


trt 

8.0 



As mentioned in the introductive part of the current description, the method 
according to the invention profitably permits to determine the risk of pathologies as 
acquisition of the HIV viral infection, HPV viral infection, upper genital tract 
40 infections (PID), post-partum or post-gynecologic surgery infections, spontaneous 
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abortion, endometritis. 

In the following part, an example regarding a study of acquisition of the HIV 
viral infection will be described. 

For setting the method, a group of 50 women colonized by G vaginalis and at 
5 high risk of sexual acquisition of HIV infection was initially enrolled. Three years 
later among these women a subgroup of 42 women were still HIV seronegative 
(controls) and a subgroup of 8 women were HIV seropositive. 

These groups were subdivided according to the presence in the body fluid 
samples of G. vaginalis alone or G. vaginalis and a pH equal or higher than 4.7, or G. 
10 vaginalis and diagnosis of bacterial vaginosis (BV). 

Table 7 shows the association of the anti-Gvh IgA response with the subgroup 
of the 42 HIV seronegative women (controls) or the 8 women which became HIV 
seropositive. 
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TABLE 7 





Positive % 


OR 


Vaginal colonization 

and anti-Gvh IgA response 


HIV seronegative 
n=42 


HIV seropositive 
n=8 


G. vaginalis 


100 


100 


no or low anti-Gvh IgA 
high anti-Gvh IgA 


71.4 
28.6 


100 1.7 

0.0 


G. vaginalis and pH > 4.7 


81.0 


87.5 1.2 


no or low anti-Gvh IgA 
high anti-Gvh IgA 


54.8 
26.2 


87.5 1.8 
0.0 - 


G. vaginalis and BV 


71.4 


87.5 1.4 


no or low anti-Gvh IgA 
high anti-Gvh IgA 


50.2 
19.0 


87.5 2.1 
0.0 - 



20 The reported values have the same meaning described in the Tables 

concerning the LBW and PTD, for this reason they will not here described in details. 

Anyway, Table 7 highlights that once again high levels of anti-Gvh IgA are 
indicative of a protective effect in respect to the risk of HIV acquisition. 

Moreover, the OR ratio in the case of pH equal or higher than 4.7 and no or 
25 low anti-Gvh IgA response in the body fluid is in the range from 1 to 2 (1.8). This 
means that the risk of HIV acquisition is medium. 

The OR ratio in women with BV and with no or low anti-Gvh IgA in the body 
fluid is in the range from 2 to 4 (2.1). This means that the risk of HIV acquisition is 
high. 

30 As a consequence, the method according to the invention provides the same 

subsequent steps described for the determination of the risk for LBW and PTD. 

According to an embodiment of the invention, the method for the 
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determination of the risk of HIV infection can include a step of sialidase and/or 
prolidase activity determination as described for LBW or PTD. 

The following Table 8 describes values corresponding to high sialidase or 
prolidase activity levels measured in fluid samples from women with bacterial 
5 vaginosis, or with pH > 4.7 or colonized simply by G. vaginalis. As reported, in all 
the considered cases no or low IgA were detected. 
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TABLE 8 







% Positivi 


OR 




5 


Vaginal colonization 


HIV seronegative 
(n. 42) 


HIV seropositive 
(n.8) 




Bacterial vaginosis (BV) 








10 


no or low anti-Gvh IgA 

sialidase 4+ 
prolidase 4+ 


13.3 
13.3 


42.9 
57.1 


3.5 
4.5 


15 


pH>4.7 








20 


no or low anti-Gvh IgA 

sialidase 4+ 
prolidase 4+ 


11.8 
14.7 


42.9 
57.1 


3.8 
4.2 




G. vaginalis 








25 


no or low anti-Gvh IgA 

sialidase 4+ 
prolidase 4+ 


9.5 
11.9 


37.5 
50.0 


4.2 
4.4 



In particular, for high levels of sialidase activity the OR is in the range from 2 
30 to 4 in women with BV or women with a vaginal pH > 4.7, whereas the OR is higher 
than 4 for women colonized by G. vaginalis. 

Moreover, for all subsets shown in Table 8 high levels of prolidase activity 
were associated with OR always higher than 4. 

From data reported in the Table 8, it is clear that if the levels of anti-Gvh IgA 
35 are low or absent and if the sialidase activity is higher than 5.0 nmol of 
methoxyphenol (high values, +4 cutoff) the risk is high; if the levels of anti-Gvh IgA 
are low or absent and if the prolidase activity is higher than 2000 mOD (high values, 
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+4 cutoff) the risk is very high. 

The method provided by the current invention to determine the risk of 
pathologies in women colonized by the G. vaginalis bacterium permits to obtain a 
very accurate and reliable evaluation of risk. 
5 To obtain such determination, preferably a new method was set up for the 

isolation of the Gvh toxin to be used as antigen. This method consists in a particular 
technique, described here on, that is a further embodiment of the current invention. 

The hemolytic toxin Gvh produced by the G. vaginalis bacterium is isolated 
from a suitable culture broth as, for example, the Trypto Casein Soya Broth (sold by 
10 Diagnostic Pasteur) or the Mueller Hinton Broth (sold by Oxoid). 

Preferably, a broth without serum and/or plasma was set up. 

In particular, this broth comprises a basic component that is Brain Heart 
Infusion Broth sold by Oxoid, a component of glycogen that varies from 0.5 to 10 % 
of the final broth volume, and a salt MgS0 4 or MgCh at a concentration from 0.05 
15 mMto20mM. 

Preferably, glycogen varies from 0. 1 al 1 %, and MgS0 4 or MgCl 2 varies from 
0.2 to 10 mM, even more preferably, glycogen is 0.3 %, and MgSC>4 or MgCl 2 is 1 
mM. 

Surprisingly it was noted that this kind of broth without serum arid/or plasma 
20 and with Magnesium and glycogen, rather than starch and glucose usually employed 
in well known broths, permits to obtain an optimal growth of the G. vaginalis 
bacterium and, moreover, a large increase of the Gvh toxin production. 

Moreover, it was noted that the absence of detergent Tween, usually 
employed in the culture broth, and the absence of plasma proteins led to considerably 
25 increase the hemolytic toxin activity. 
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The isolation of said protein can be achieved directly from an amount of said 
culture broth or from the toxin eluate obtained from broth supernatant processed with 
normal chromatographic procedures. 

This amount of broth or of toxin eluate is kept at a temperature in the range 
5 from 0 to 8 °C and then mixed with a prefixed amount of precipitating agent with 
chaotropic properties as, for example, methanol, ethanol, propanol, isopropanol, 
acetone, and ammonium sulfate. 

Preferably, prechilled methanol is used at a concentration that varies from 5 
to 70% of the final volume, more preferably, is 33%. 
10 This mixture is left on ice for a time frame from 30 to 60 minutes. 

Subsequently, the mixture is centrifuged at a temperature between 0 and 8°C, 
at 2500-5000 rpm, for a time frame from 20 to 60 minutes. 

At the end of the centrifugation a pellet is obtained which consists in the toxin 
directly precipitated from the culture broth supernatant or from the eluate obtained 
15 through the chromatographic purification of the broth. 

Subsequently, first the supernatant and then the eventually remaining 
methanol are eliminated from said pellet. 

Finally, the pellet is recovered by suspension in deionized water or 
ammonium acetate solution. 
20 If the toxin isolation is performed directly from the culture broth of G. 

vaginalis, the amount of broth drawn for the precipitation must be held in a glass or 
polypropilene container to avoid loss of toxin due to hydrophobic effects. 

If the so obtained toxin is not used immediately for an immune enzymatic 
test, after centrifugation the pellet is recovered with AcNH^ or NaCl, or NaC104, or 
25 (NH^SO^ or NH 4 C1, at a concentration between 1 and 100 mM, with addition of a 
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detergent as Tween 20 or Tween 80 or Nonidet P-40 (NP-40 sold by Calbiochem, 
and sold by Sigma with the name CA-630), or Brij® 35 (Calbiochem), or Lubrol®, 
or n-octylglucoside from 0.001 to 1%, preferably, 50mM AcNH 4 , and 0.05% Tween 
20. The so obtained preparation is then stored in a glass container at -80°C for long 
5 periods or at -20°C for short periods. 

The hemolytic activity of the protein is maintained if the pellet is lyophilized. 
• If the toxin is isolated directly from the culture broth, it is better to perform a 
second precipitation in the same conditions described for the first precipitation. 

After the second precipitation a new pellet of the Gvh toxin is obtained, this 
10 has to be recovered with deionized sterile water and conserved frozen or lyophilized 
at -80°C for long periods or at -20°C for short periods. 

The advantage of this embodiment relies on the fact that the procedure to 
isolate the Gvh hemolytic toxin is easier and faster to perform because the 
chromatographic step is substituted with a simple precipitation. 
15 As previously mentioned the Gvh toxin can be used to determine the anti-Gvh 

IgA or IgG or IgM secretory antibodies by an immune enzymatic test. 

For example an ELISA test similar to that here used was described by Cauci 
et al. Am J Obstet Gynecol 1996; 175: 1601-5, as previously reported. It is to note 
that the Gvh toxin isolated with the just described method allows to perform the 
20 incubation step of the ELISA test at room temperature without being obliged to warm 
the incubation plates of the tested samples. 

What is described till now permits to give objectively determinable markers 
to carefully select women who need therapy to prevent the severe pathologic 
complications listed before, moreover it allows to evaluate the efficacy of a 
25 performed therapy. Moreover, both the method and the isolated toxin objects of the 
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current invention give important keys for the future preparation of vaccines effective 
against said pathologies and, at the same time, devoid of the large drawbacks caused 
by the side effects of the currently used drugs. 

Here, on an indicative and not limitative example of preparation of the Gvh 
5 antigen used to perform an ELISA test in accord with the method of the current 
invention will be described. 

GARDNERELLA VA GINALIS BACTERIUM CULTURE. 

G. vaginalis is grown in a culture broth without addition of serum or plasma. 
10 The G. vaginalis strain can be those deposited at ATCC having the reference 

number 14018 or 14019 otherwise, as in the present embodiment, can be isolated 
from patients in which bacterial vaginosis was diagnosed. 

The bacterium to be grown in the broth can be drawn from a strain conserved 
in glycerol, for example 200 \A of said strain could be put in a bottle containing 50 
15 ml of broth. 

Alternatively, the strain firstly grown on agar plate in a solid medium with 
human blood, in anaerobic conditions at 37°C, is drawn with, for example, a sterile 
loop to inoculate a bottle of broth from 50 to 100 ml. 

After obtaining a significant growth having an A$ 2 (p0.5-1.5 OD, in which 
20 A620 indicates absorbance at 620 nanometers, from 10 to 25 ml of culture broth are 
used to inoculate a new 1 liter broth bottle. 

In particular, the broth sold by Oxoid with the name Brain Heart Infusion 
Broth (BHI) is utilized. Alternatively, Cooked Meat Medium, Mueller Hinton Broth, 
Liver Broth, Nutrient Broth, Schaedler Anaerobe Broth, Todd-Hewitt Broth, 
25 Tryptone Soya Broth, Tryptose Phosphate Broth, Wilkins-Chalgren Anaerobe Broth 
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(all broth sold by Oxoid) and analogs can be used. 0.3% glycogen from oyster sold by 
Sigma and 1 mM MgSC>4 or MgCh are added to this broth. 

All inoculations are performed in an anaerobic atmosphere (inside a cabinet 
having a 5-10% CO2 atmosphere, or in ajar with AnaeroGen bags sold by Oxoid) at 
5 37°C temperature, on the average for 24 hours. If the strain was just unfrozen 48 
hours may be necessary, whereas for the second broth step usually 16 hours are 
sufficient. 

A well-grown broth has flocculent turbidity, final pH from 4.7 to 6.2 and 
hemolytic activity equal at least at 1HU50=1 \i\ broth. 
10 At the end of the bacterial growth, the broth is centrifiiged at 3500 rpm for 30 

minutes at 4°C and, eventually, it is filtrated through a 0.45 micron membrane for 
sterilization. 

If the broth is not immediately processed, it is added with the detergent 
Tween 20 at a final concentration 0.1% and then frozen at -20°C. 
15 If, on the contrary, the broth has to be immediately processed, it is chilled on 

ice and precipitated. 

Gvh HEMOLYTIC TOXIN PRECIPITATION. 

To precipitate the Gvh toxin, methanol at HPLC chromatographic grade 
20 purity is used. 

Methanol is prechilled at -80°C and then an amount equal to i4 of the broth 
volume is added, leading to a 33% final concentration. 

The broth has to be inside a glass or polypropilene container and kept on ice 
for about 1 hour. 

25 After the addition of methanol to the broth, the mixture is left on ice for 30-60 



30 



WO 02/065130 



PCT/IT01/00068 



minutes, then it is centrifuged for 30 minutes at 4°C and at 4000 rpm. 

At the end of the centrifugation the supernatant is eliminated from the 
container and the methanol remaining in the pellet is evaporated. In particular, the 
residual methanol evaporation is performed under vacuum pomp for about 1 hour. 
5 Later the pellet is suspended with sterile deionized water or with 50 mM 

AcNH 4 and 0.05 % Tween 20. This preparation has to be stored in a glass container, 
frozen at -80°C for long periods or at -20°C for short periods. 

This first precipitation results in about 1-5-20 fold concentration of the starting 
volume of the broth (50-70 ml from 1 liter broth) and about 5 fold concentration of 
10 the hemolytic activity of the toxin. 

Subsequently, a second precipitation is performed in the same conditions 
described above, and using only glass containers. 

After the precipitation, the precipitated toxin must be suspended in sterile 
deionized water and stored frozen or lyophilized at -80 °C or -20 °C. 
15 After this second precipitation, from 5 to 10 ml of toxin with hemolytic 

activity sufficient to make from 2500 to 5000 assays are obtained from 1 liter of 
broth. 

PREPARATION FOR ELISA TEST 

20 The isolated toxin, as above described, when used for ELISA test, is diluted 

1:50 in the ELISA coating buffer. The buffer consists in 0.1 M sodium carbonate at 
pH 9.6. 

In particular, 1 ml of the isolated toxin is required to obtain 50 ml of coating 
solution necessary to prepare 5 plates of 96 wells, using 100 ^il per well. 
25 The ELISA test is then performed with normal procedures well known in the 
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field. It is to note that, by the isolation method above described, such test can be 
carried out at room temperature. 

ELISA TEST 

5 A flat bottom well plate is used for the ELISA assay (for example, Type I, 

Costar). To each well 0.100 ml of purified antigen (Gvh) in 0.1 M carbonate buffer at 
pH=9.6 corresponding to 100 HU50 of hemolytic activity are added. The incubation is 
carried out at room temperature for 16 hours. Then the not well adsorbed antigen is 
removed through aspiration of the solution and 3 subsequent washes of the well with 

10 0.300 ml of PBS solution containing 0.05% Tween 20 are done. To block the 
aspecific binding sites an incubation is performed using 0.300 ml of PBS solution 
containing 0.05% Tween 20 and 2% BSA for 2 hours at room temperature. In parallel 
an analogous blocking procedure is performed in wells not coated with the antigen 
that will need for the background subtraction. After aspiration of the blocking 

15 solution 0.100 ml of the biological fluid sample (eventually buffered at pH=7.2 with 
a 25 mM phosphate buffer) are added both to the plated coated with the antigen and 
to the uncoated plate (for background control). The incubation is carried out for 2 
hours at room temperature. Then the biological fluid sample is removed and 3 well 
washes are performed as above described. 0.100 ml of buffer solution at pH 7.4 

20 containing 1 :5000 diluted F(ab*)2 anti-human IgA antibody conjugated with alkaline 
phosphatase (Sigma) are added. Wells are incubated for 1 hour at room temperature 
and then washed 3 times as above described. Then 0.100 ml of lg/1 para- 
nitrophenylphosphate substrate in a buffer solution made of 0.1 M glycine, 1 mM 
MgCl 2 , 0.1 mM ZnCl 2 at pH=10.6 were added. The color developed after the 

25 hydrolysis of the substrate and release of para-nitrophenol is measured after 30-60 
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minute incubation at room temperature, by ELISA reader at 405 nm. Results are 
expressed as mOD value read in the well coated with the antigen minus the mOD 
value read in the not antigen coated well and incubated with the same biological fluid 
sample. All measurements are performed in duplicate. Two wells are incubated with 
5 a negative control (that is without anti-Gvh Ig) and two wells are incubated with two 
positive controls. 

Several different embodiments of the just described test can be performed. In 
particular, para-nitrophenol can be replaced with a different substrate able to reveal 
the alkaline phosphatase activity, as, for example, 2-nitrophenyl phosphate that can 

10 replace 4-nitrophenyl phosphate, or a chromogenic substrate that develops an 
insoluble colored precipitate (necessary for the strip test). The substrate can be the 
combination BCIP/NBT (5-bromo-4-chloro-3-indolyl phosphate / nitro blue 
tetrazolium) that develops a blue/indigo color product of hydrolysis. A further 
substrate is the 4-methylumbelliferyl phosphate that instead gives a fluorescent 

15 product of hydrolysis that can be detected in solution or on spot. 

The anti-human Ig antibody can further be conjugated with enzymes different 
from the alkaline phosphatase, the more common are: 1) the horseradish peroxidase, 
with this substrate different substrates can be employed, the most common is the 
tetramethylbenzidine (TMB) that, by addition of hydrogen peroxide, gives a blue 

20 color, the color development is then stopped with sulfuric acid and at the end a 
yellow color is read in solution at 450 nm; 2) the beta-galactosidase, also with this 
substrate • various different substrates can be used, in particular such enzymatic 
activity is very useful for a strip test, because several different insoluble substrates 
exist that give precipitates of many different colors: the 5-bromo-4-chloro-3-indolyl 

25 galactoside (X-Gal) gives an indigo blue color, 5-bromo-6-chloro-3-indolyl 
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galactoside gives a magenta color, the 6-chloro-3-indolyl galactoside gives a pink 
color, the 5-iodo-3-indolyl galactoside gives a purple color, the N-methyl-3-indolyl 
galactoside gives a green color and finally the 3-hydroxyindol-beta-D-galactoside 
gives a blue color (all the substrates listed are sold by Molecular Probes, some by 
5 Calbiochem and some by Sigma). Substrates for the beta-galactosidase that give 
soluble products with absorbance in the UV range to be used in ELISA as for 
example the 2-nitrophenyl-beta-D-galactoside (ONPG), the 4-nitrophenyl-beta-D- 
galactoside. Moreover there are -several different substrates that give fluorescent 
hydrolysis products. 

10 To obtain a signal amplification it is custom to use an anti-human Ig 

conjugated with biotin, the detection is then performed with avidin (or strepavidin) 
conjugated with a detecting enzyme (as alkaline phosphatase, peroxidase, beta- 
galactosidase) and the suitable chromogenic or fluorogenic substrate, that can be 
soluble (for the ELISA test) or insoluble (for strip, dot blot, Western blot, or gel 

15 assay). 

A further object of the current invention is a kit to determine anti-Gvh IgA 
and/or IgG and/or IgM in a body fluid sample of women colonized by the G. 
vaginalis bacterium comprising the use of the Gvh toxin isolated accordingly to the 
previously described method. Preferably, the kit comprises the Gvh toxin in the 
20 amount of 2 jil equivalent to 0.02-0.04 ng protein or to 100 HU 5 o of hemolytic 
activity. 

As an example, the kit can comprise an ELISA plate with wells not coated with 
the antigen to subtract the aspecific background, a solution containing 250 mM 
phosphate buffer at pH=7.2 to be added to the well before incubation of the body 
25 fluid sample, a negative control of biological fluid devoid of anti-Gvh 
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immunoglobulins, a positive control of biological fluid containing anti-Gvh 
immunoglobulins, a concentrated solution containing an Ig antibody conjugated with 
a revealing enzyme, a solution suitable to dilute the antibody concentrated solution 
immediately before the addition to the well, a substrate suitable for the quantitative 
5 detection of the enzymatic activity conjugated to the anti-Ig antibody, a solution 
suitable to dilute a concentrated solution or a tablet of substrate immediately before 
the addition to the well, an agent to stop the color development, a concentrated 
solution necessary for the wells' washings to be diluted 5 fold or 10 fold before use, 
an instruction leaflet with the explanations for the proper use of the assay and with 
10 the explanation of the risk of complications (absent or low (-), medium (+), high 
(++), very high (+++)) on the basis of the reading results. 

Accordingly to a further embodiment of this invention, said kit can comprise 
a pH indicator and a test to determine IgA and/or IgG and/or IgM antibodies. 

Preferably, the pH indicator is a pH revealing paper with a turning interval in 
15 the range between 4 and 7, whereas the antibody test is an ELISA test as that 
previously described. 

According to a further embodiment, said kit can also comprise a sialidase 
and/or prolidase activity test in solution, including a vial containing a colorless 
substrate in solution in which to inoculate the biological sample, a container with a 
20 dispenser for the addition of the developing solution; a reference scale to evaluate the 
entity of the enzymatic activity by comparison with the intensity of the developed 
color. 

According to a further embodiment, said kit can also comprise a sialidase 
and/or prolidase activity test in platform, comprising two membranes supported on a 
25 solid frame, and containing an enzyme substrate and an agent for the development of 
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the color, through which the biological sample is passed; and a reference scale to 
evaluate the entity of the enzymatic activity by the intensity of the developed color. 

According to a further embodiment, said kit can also comprise a sialidase 
and/or prolidase activity test on a solid support, comprising a membrane impregnated 
5 with a chromogenic or fluorogenic substrate of the enzyme and eventually an agent 
for the color development, supported on an inert strip, to be touched with the 
biological sample. Said kit will be furnished of a reference scale to evaluate the entity 
of the enzymatic activity by the intensity of the developed color. 

In said kit, the Gvh toxin can be supported on a piece of nitrocellulose, or 
10 cellulose, or cellulose acetate, or Dacron®, or polysulfone, or PVDF, or Mylar®, that 
constitutes a reactive strip. 

Moreover, said toxin can be supplied in a lyophilized status or frozen and 
available in a fashion well known in the field. 

Alternatively, the kit in accord to the present invention can comprise a Quick 
15 Card well known in the field. In particular, said Quick-Card includes a membrane 
functionalized with the Gvh antigen, a membrane not functionalized with the Gvh 
antigen for the negative control, both fixed to a support and visible to the operator 
through an open window on the solid support. The biological fluid to be assayed is 
passed through the membrane so that the anti-Gvh antibodies became bonded to the 
20 test spot. After addition of a developing reagent that reacts with the anti-Gvh 
immunoglobulins a color is developed and is compared with a reference scale. 

It is to take into consideration that the kit in accord with the invention can be 
favorably a combined kit. In fact, said kit can for example comprise an ELISA plate 
and a supported pH indicator with a sensitivity in the range from pH 4 to pH 7, or a 
25 test in solution to determine the sialidase activity and/or prolidase activity, or an 
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ELISA plate, a pH indicator and a test on solid support to determine the sialidase 
and/or prolidase activity. Preferably, the solid support can be a platform as previously 
described, or a reactive strip routinely used for this kind or similar determinations. 
Analogously, these combinations can be performed replacing the ELISA plate 
5 with for example a Quick Card. 

It stands out now that, with reference to the considerations contained in the 
tables previously shown, and to the evaluations about the analytical test shown or 
available,^ kit that can furnish a rapid method to determine the risk of the previously 
described pathologies is of major importance at the aim to give the clinician efficient 
10 tools to decide about the pharmacological treatment to administer to the patients. 

As can be appreciated from what above described, the method for the 
determination of the risk of complications according to this invention allows to 
satisfy the requirements described in the introduction of the current description. 

Obviously an expert operator in the field, to satisfy contingent and specific 
15 demands, could introduce several modifications and embodiments to the above 
described method, but all these are contained in the invention as defined by the 
following claims. 
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CLAIMS 

1. A method for the determination of the risk of pathologies in a population of 
women colonized by Gardnerella vaginalis bacterium, comprising the following 
steps in order: 

5 a) determination of the levels of IgA and/or IgG and/or IgM antibodies against 
the Gvh toxin secreted by G. vaginalis in a sample of body fluid; 

b) comparison of said levels of IgA and/or IgG and/or IgM with prefixed levels of 
IgA and/or IgG- and/or IgM, respectively; 

c) determination of risk factor. 

10 2. Method as set forth in claim 1 , furthermore comprising after the b) step: 

- determination of pH of the sample; 

- comparison of the measured pH value with a prefixed value. 
3, Method as set forth in claim 1, furthermore comprising after the b) step: 

- determination of samples derived from women suffering BV. 

15 4. Method as set forth in claim 1, furthermore comprising after the b) step: 

- determination of the bacterial flora in said samples of vaginal fluid. 

5. Method as set forth in any one of claims from 1 to 4, furthermore comprising after 
the b) step: 

- determination of sialidase activity in said sample. 

20 6. Method as set forth in any one of claims from 1 to 4, furthermore comprising after 
the b) step: 

- determination of prolidase activity in said sample. 

7. Method as set forth in any one of claims from 1 to 4, furthermore comprising after 
the b) step: 

25 - determination of sialidase and prolidase activity in said sample. 
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8. Method as set forth in any one of claims from 1 to 7, in which the pathologies 
correlated with the colonization of the Gardnerella vaginalis bacterium comprise 
pregnancy adverse outcomes as low birth weight (LBW) or preterm delivery (PTD), 
preterm rupture of membranes, spontaneous abortion, infections of the amniotic 

5 fluid, post-parturn endometritis, mother-to-child transmission of HIV infection, 
acquisition of HIV viral infection, and of HPV viral infection, upper genital tract 
infections (PDD), post-partum ad post-gynecologic surgery infections, endometritis, 
cervitis. . 

9. Method as set forth in any one of claims from 1 to 8, in which the prefixed IgA 
10 value is 780 mOD, the prefixed IgG value is 740 mOD, the prefixed IgM value is 600 

mOD, and the prefixed pH value is 4.7. 

10* Method as set forth in any one of claims from 1 to 8, in which the prefixed IgA or 
IgG or IgM value is twofold the cutoff measured on healthy population and 
calculated from the medium value plus one standard deviation, and the prefixed pH is 
15 equal or over 4.7. 

11. Method as set forth in any one of claims from 1 to 10, in which said method is 
performed in a body fluid sample of women from the first to the second trimester of 
gestation. 

12. Method as set forth in any one of claims from 1 to 1 1, in which said method is 
20 performed in a body fluid sample of women from the seventh to the twenty-fourth 

week' gestation. 

13. Method as set forth in any one of claims from 1 to 12, in which said method is 
performed in a vaginal fluid sample of women. 

14. Method as set forth in claim 13, in which said method is performed in a vaginal 
25 fluid sample of pregnant women. 
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15. Method as set forth in any one of claims from 1 to 13, in which the population of 
women colonized by G. vaginalis is constituted by pregnant women. 

16. Method as set forth in any one of claims from 1 to 13, in which the population of 
women colonized by G. vaginalis is constituted by fertile age women. 

5 17. Method as set forth in any one of claims from 1 to 13, in which the population of 
women colonized by G. vaginalis is constituted by postmenopausal women. 

18. Method as set forth in any one of claims from 1 to 17, in which the determination 
of the IgA and/or IgG and/or IgM levels is carried out with a suitable immune 
enzymatic analysis comprising the availability, as antigen, of the Gvh toxin isolated 

10 from a suitable culture broth of G vaginalis by precipitation comprising the 
following steps: 

1) to draw a predetermined amount of G. vaginalis culture broth or of said 
toxin purified by chromatography of the supernatant of G. vaginalis 
culture broth, to chill and keep said amount at a temperature from 0 to +8 

15 °C for about 1 hour; 

2) to add to said amount a determinate amount of precipitating agent at a 
final concentration that varies from 5 to 70 % of the final volume; 

3) to keep on ice for 30-60 minutes; 

4) to centrifuge at a temperature from 0 to +8 °C at 2500-5000 rpm for about 
20 30-60 minutes in a way to obtain a supernatant and a pellet; 

5) to eliminate the supernatant and then the precipitating agent remaining on 
the pellet; 

6) to resuspend the pellet with sterile deionized water. 

19. Method as set forth in claim 18, in which said precipitating agent is chosen in a 
25 group comprising methanol, ethanol, acetone, ammonium sulfate, propanol, 
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isopropanol. 

20. Method as set forth in claim 19, in which the precipitating agent is methanol at a 
concentration 33% of the final volume. 

21. Method as set forth in any one of claims from 18 to 20, in which if the phase of 
5 IgA and/or IgG and/or IgM determination comprises the drawing of a predetermine 

amount of broth directly from the culture, then to the f) step a further precipitation 
follows repeating the step from b) to f). 

22. Method as set forth in any one of claims from 18 to 21, in which at the end of the 
f) step the pellet is resuspended with AcNRt at a concentration that varies from 1 to 

10 100 mM and a detergent at a concentration that varies from 0.01 to 1 %. 

23. Method as set forth in claim 22, in which the pellet is resuspended with 50 mM 
AcNH 4 and 0.05 % Tween 20. 

24. Method as set forth in any one of claims from 1 8 to 23, in which the bacterium G. 
vaginalis is grown in a broth chosen in a group consisting of Brain Hearth Infusion 

15 Broth, Cooked Meat Medium, Mueller Hinton Broth, Liver Broth, Nutrient Broth, 
Schaedler Anaerobe Broth, Todd-Hewitt Broth, Tryptone Soya Broth, Tryptose 
Phosphate Broth, Wilkins-Chalgren Anaerobe Broth, said broth being added with 
glycogen from 0.5 to 10 % and MgS0 4 or MgCl 2 from 0.05 to 20 mM. 

25. Method as set forth in claim 24, in which the broth is BHI broth comprising 0.3 
20 % glycogen and 1 mM MgS0 4 or MgCl 2 . 

26- Method as set forth in any one of claims from 18 to 25, in which the immune 
enzymatic analysis consists in an ELISA test. 

27. Method as set forth in claim 26, in which the ELISA test is performed at room 
temperature. 

25 28. Kit for the determination anti-Gvh IgA and/or IgG and/or IgM in a body fluid 



41 



WO 02/065130 



PCT/IT01/00068 



sample of women, said kit comprising the Gvh toxin isolated in accord with any one 
of the claims from 1 8 to 27. 

29. Kit as claimed in claim 28 for the quantitative determination of anti-Gvh IgA 
and/or IgG and/or IgM. 
5 30. Kit as claimed in claim 28 or 29, comprising the Gvh toxin in an amount of 2^1 
of the isolated toxin corresponding to 0.02-0.04 \ig of protein, or to 100 HU 5 o of 
hemolytic activity. 

31. Kit as claimed in any one of the claims from 28 to 30, including an ELISA plate 
with wells prefunctionalized with the antigen and an ELISA plate with wells not 

1 0 fimctionalized with the antigen. 

32. Kit as claimed in claim 31, furthermore comprising a buffer solution to be added 
to the well before of the incubation with the sample of biologic fluid. 

33. Kit as claimed in claim 31 or 32, furthermore comprising a negative control of 
biologic fluid devoid of anti-Gvh Ig. 

15 34. Kit as claimed in any one of claims from 31 to 33, comprising a positive control 
of biologic fluid containing anti-Gvh Ig. 

35. Kit as claimed in any one of claims from 31 to 34, furthermore comprising a 
concentrated solution of an anti-Ig antibody conjugated with a revealing enzyme. 

36. Kit as set forth in claim 35, furthermore comprising a solution suitable to dilute a 
20 concentrated solution of antibody. 

37. Kit as claimed in any one of claims from 31 to 36, furthermore comprising a 
substrate suitable to the quantitative detection of the enzymatic activity conjugated 
with the anti-Ig antibody. 

38. Kit as claimed in any one of claims from 3 1 to 37, furthermore comprising a 
25 solution suitable to dilute a concentrated solution or a tablet of substrate. 
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39, Kit as claimed in any one of claims from 31 to 38, furthermore comprising an 
agent that stops the color development. 

40. Kit as claimed in any one of claims from 31 to 39, furthermore comprising a 
concentrated solution for the washing of the wells before use. 

5 41. Kit as claimed in any one of claims from 31 to 40, furthermore comprising an 
illustrative leaflet containing the instructions for the proper use of the kit. 
42. Kit as claimed in claim 41, in which the instructions of the illustrative leaflet 
- comprise the indication of the risk of pathologies as absent or low (-), medium (+), 
high (++), very high (+++). 
10 43. Kit as claimed in any one of claims from 31 to 42, in which the Gvh toxin is 
supplied in a lyophilized or frozen form. 

44. Kit as claimed in any one of claims from 3 1 to 43, comprising a reactive strip that 
support the Gvh toxin. 

45. Kit as claimed in claim 44, in which the Gvh toxin is supported on a piece of 
15 cellulose, or nitrocellulose, or cellulose acetate, or Dacron, or polysulfone, or PVDF, 

or Mylar® of said strip. 

46. Kit as claimed in any one of claims from 31 to 45, comprising an ELISA plate 
and a pH indicator with a turning range from pH 4 to pH 7. 

47. Kit as claimed in any one of claims from 31 to 46, comprising an ELISA plate 
20 and a test in solution for the determination of the sialidase activity. 

48. Kit as claimed in any one of claims from 31 to 46, comprising an ELISA plate 
and a test in solution for the determination of the prolidase activity. 

49. Kit as claimed in any one of claims from 31 to 46, comprising an ELISA plate 
and two tests in solution for the determination of the sialidase and prolidase activity, 

25 respectively. 
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50. Kit as claimed in any one of claims from 31 to 46, comprising an ELISA plate, a 
pH indicator, and a test in solution for the determination of the sialidase activity. 

51. Kit as claimed in any one of claims from 31 to 46, comprising an ELISA plate, a 
pH indicator, and a test in solution for the determination of the prolidase activity. 

5 52. Kit as claimed in any one of claims from 31 to 46, comprising an ELISA plate, a 
pH indicator, and two tests in solution for the determination of the sialidase and 
prolidase activity, respectively. 

53. Kit as claimed in any one of claims from 3 1 to 46, comprising an ELISA plate, a 
pH indicator, and two tests on solid support for the determination of the sialidase and 

10 prolidase activity, respectively. 

54. Kit as claimed in claim 53, including the reference scales for anti-Gvh Ig, pH, 
sialidase activity, and prolidase activity. 

55. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard 
having a membrane fimctionalized with the Gvh antigen and a membrane not 

15 fimctionalized with the Gvh antigen as negative control. 

56. Kit as claimed in claim 55, including a reference scale. 

57. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard and a 
pH indicator on support with a sensitivity interval from pH 4 to pH 7. 

58. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard and a 
20 test on solid support, preferably, platform or reactive strip, with a reference scales for 

the determination of the sialidase activity. 

59. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard and a 
test on solid support, preferably, platform or reactive strip, with a reference scales for 
the determination of the prolidase activity. 

25 60. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard and a 
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test on solid support, preferably, platform or reactive strip, with a reference scales for 
the determination of the sialidase activity and prolidase activity. 

61. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard, a pH 
indicator and a test on solid support, preferably, platform or reactive strip, for the 

5 determination of the sialidase activity. 

62. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard, a pH 
indicator and a test on solid support, preferably, platform or reactive strip, for the 
determination of the prolidase activity. 

63. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard, a pH 
10 indicator and a test on solid support, preferably, platform or reactive strip, for the 

determination of the sialidase activity and prolidase activity. 

64. Kit as claimed in any one of claims from 28 to 30, comprising a QuickCard, a pH 
indicator and two tests in solution for the determination of the sialidase activity and 
prolidase activity, respectively. 

15 
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